The paper aims to consider the electromagnetic adjoint-field in the complex octonion space as the dark matter field, describing some properties of dark matter, especially the origin, particle category, existence region, and force and so forth. Since J. C. Maxwell applied the algebra of quaternions to depict the electromagnetic theory, some scholars adopt the complex quaternion and octonion to study the physics property of electromagnetic and gravitational fields. In the paper, by means of the octonion operator, it is found that the gravitational field accompanies with one adjoint-field, which property is partly similar to that of electromagnetic field. And the electromagnetic field accompanies with another adjoint-field, which feature is partly similar to that of gravitational field. As a result the electromagnetic adjoint-field is able to be chosen as one candidate of the dark matter field. According to the electromagnetic adjoint-field, it is able to predict a few properties of dark matter, for instance, the particle category, interaction intensity, interaction distance, and existence region and so forth. The study reveals that the dark matter particle and gravitational resource both will be influenced by the gravitational strength and force. The dark matter field is capable of making a contribution to physics quantities of gravitational field, including the angular momentum, torque, energy, and force and so on. Further there may be comparatively more chances to discover the dark matter in some regions with the ultrastrong field strength, surrounding the neutral star, white dwarf, galactic nucleus, black hole, and astrophysical jet and so on.
Introduction
The concept of dark matter is attracting the attention of many people. Some scholars are fascinated by the dark matter, but bewildered by the concept at the same time. We do not know what the dark matter is, how it is generated, where it exists in, and whether it is one particle. There is neither the effective theory with practical guidance, nor the systematic observational and experimental methods yet. Until recently the appearance of the electromagnetic and gravitational theories describing with the complex octonion replies to some of these puzzles. According to this field theory, a few features of dark matter are able to be predicted, including the origin, particle category, existence region, and force and so forth.
In 1932, Jan Oort postulated it was possible that one 'non-visible form of matter' might exist in the galaxy 1 , accounting for the orbital velocities of stars in the Milky Way. In 1933, Fritz Zwicky inferred that there might be one 'missing mass' in the galaxy cluster 2 , by means of the observation on the velocities of galaxies in clusters. In 1939, in his Ph.D. thesis, Horace W. Babcock reported the measurements of the rotation curve for the Andromeda Nebula.
In the late 1960s and early 1970s, Vera Rubin measured a lot of galactic rotation curves, attributing the anomalous observations to the existence of dark matter. The observations and calculations of Vera Rubin and Kent Ford showed that most galaxies contain about six times as much mass of 'dark matter' as that of ordinary matter 3 . Subsequently many observations of other astronomers corroborate the presence of dark matter in the universe 4 . By the 1980s, the observation of galactic rotation curves has been collecting over the decades, providing the robust observational evidence for the existence of dark matter 5 . As a result, most astrophysicists accepted the viewpoint of the existence of dark matter eventually 6 .
Dark matter detection
In recent years, the astronomers make a survey of dark matter on a large scale, achieving a number of observations. Meanwhile the alternative approaches are increasing continuously. At present, the observation approach to the detection of dark matter consists of the gravitational lensing 7 , the galactic rotation curve of the spiral galaxy 8 , the velocity dispersions of galaxies in the galaxy cluster (or stars in the galaxy) 9 , the X-ray hot gas hydrostatic 10 in the galaxy or cluster, the SunyaevZel'dovich effect of the cluster 11 and so forth. Those observation approaches make numerous and conclusive measurements, resulting in more and more scholars to accept the view point related to the existence of dark matter 12 . The observational achievements in the astronomy empower the scholars to undertake some correlative investigations in the laboratory, attempting to discover dark matter on the microscopic scale. Presently the experiments to detect dark matter in the lab can be divided into two classes: direct detection experiments, and indirect detection experiments. (1) Direct detection experiment. The majority of present experiments mainly use one of two detectors: cryogenic detectors, and Noble liquid detectors. Some with the cryogenic detector embody CDMS 13 25 and PICASSO 26 and so on. (2) Indirect detection experiment. The most experiments search for the products (the gamma rays and particle-antiparticle pairs and so on) of dark matter annihilation or decay. They cover PAMELA 27 and AMS 28 on the International Space Station and so on. However there is a big difference between the observation and experiment. By contrast with the achievement that there are a lot of astronomic observations, the experiments in the laboratory have not made compelling and robust measurements up to now. Similarly there is not the physics or astronomic theory capable of practical guidance to the detection experiments deal with dark matter either. We are still only at the foothills of pursuing the effect theory of dark matter.
Dark matter theory
For the observations of galaxies and clusters, some alternative theories proposed to account for 'missing mass' can be divided into two classes: modified theories, and dark matter theories.
(1) Modified theory. These theories claim that it is possible to modify or extend the existing theories, explaining the galaxy observations without the need for a large amount of undetected matter. These main theories are as follows. (i) Modified Newtonian dynamics. Most of these theories deem that the gravitational theories established by I. Newton and A. Einstein are not perfect enough, so it is necessary to modify the laws of gravity 29 , solving the problem about the galactic rotation curves and so forth. (ii) Quantum gravity. These theories attempt to unify the gravitational theory and the quantum theory and so on, including the Loop Quantum Gravity 30 , Superstring theory 31 , and M-theory 32 and so on. (iii) Quantum vacuum. In the quantum vacuum 33 , under certain conditions, the virtual gravitational dipoles can produce the extra gravity attributing to the dark matter usually. (iv) Topological defeats. The topology of quantum fields may possess some primordial defects, containing the energy and therefore additionally gravitating towards the galaxy 34 . (v) Mass in extra dimension. In certain multidimensional theories 35 , the gravitational force is the unique force capable of effects across all the various extra dimensions, but the forces of other fundamental fields (electromagnetism, strong interaction, and weak interaction) would not be able to cross into extra dimensions. (vi) Quantised inertia. The theory reckons that the inertia is assumed to be due to the effect of horizons on Unruh radiation, resulting in the galaxy rotation 36 without dark matter. Unfortunately these categories of modified theories did not successfully explain the observations of galaxy cluster up to now.
(2) Dark matter theory. These theories believe that there may be the undetected matter at the moment, including the dark matter and dark energy 37 and so on. At present, the categories of these theories are most widely accepted, playing a central role in the explanation of the anomalies in observed galactic rotation. There are three kinds of main theories as follows. (i) Dark matter theory. The dark matter is still one unsolved puzzle in essence. According to the moving velocity refer to the particles, dark matter can be approximately divided into three classes: cold, warm, and hot dark matter. In the dark matter theory, the most widely discussed model is based on the cold dark matter hypothesis, and the corresponding particle is one Weakly Interacting Massive Particle 38 .
(ii) Grand unification theory. The axion 39 is one hypothetical elementary particle, trying to figure out the strong CP problem in the Quantum Chromodynamics. A part of axions may possess a low described a model of the universe consisting of a mixture of the ordinary matter and a so-called cosmic quaternionic field, investigating the interaction of the quaternionic field with the ordinary dark matter, and exerting a force on the moving dark matter which might possible create the dark matter in the early universe. S. Furui expressed equivalently a Dirac fermion as a 4-component spinor 52 , which is a combination of two quaternions. And the latter can be treated as an octonion. The octonion possesses the triality symmetry, which relates three sets of spinors and two sets of vectors. If the electromagnetic interaction is sensitive to the triality symmetry (i.e. EM probe selects one triality sector), electromagnetic signals from the 5-transformed world would not be detected, and be treated as the dark matter. Reconstructing a left-handed fermion and a right-handed fermion in terms of the quaternion in the Yang-Mills Lagrangian, the author 53 discussed the axial anomaly and the triality symmetry of octonion. According to the triality selection rules of octonions, the Pauli spinor is treated as a quaternion, and the Dirac spinor is treated as an octonion. Therefore the author 54 assumed the dark matter may be able to be interpreted as matter emitting photons in a different triality sector, rather than that of electromagnetic probes in the world. B. C. Chanyal et al. 55 analyzed the role of octonions in various unified field theories associated with the dyon and dark matter, reconstructing the field equations of hot and cold dark matter by means of split octonions.
Limitation
Making a detailed comparison and analysis of preceding studies, a few primal problems of these theories are found as follows. (1) Common origin. Up to now, the existing theories have not unified the dark matter and ordinary matter into one single field theory, and not found the common origin of dark matters and ordinary matters yet. However in the paper, the electromagnetic field accompanies with one adjoint-field (in Section 3), which feature is partly similar to that of gravitational field. If the electromagnetic adjoint-field is chosen as the dark matter field, the dark matter and ordinary matter possess the same integrating function of field potential. In other words, for the complex octonion integrating function of field potential, the dark matter and ordinary matter have one common origin, simplifying the theoretical model of dark matter significantly. (2) Additional contribution. So far the existing theories can not deduce the contribution of dark matter to the field equations, linear momentum, angular momentum, energy, torque, force, and power and so forth. But in the paper, the emergence of the dark matter is accompanied by the existence of electromagnetic field. In case there are both electromagnetic and gravitational fields, it is capable of inferring the field theory related to the dark matter, measuring and calculating the additional contribution of dark matter field in the complex quaternion space. (3) Particle category. The existing theories are not able to determine the particle category of dark matter until now. In the paper, the dark matter particle is independent of the ordinary matter particle. And it is able to predict that the dark matter has only three sorts of particles, for the double-source particles. The first sort of dark matter particle carries the mass; the second carries the electric charge; the third carries neither the mass nor the electric charge.
Making use of the complex octonion space and the complex quaternion operator, it is propitious to describe the physics properties of electromagnetic and gravitational fields. When the operator is extended from the complex quaternion operator to the complex octonion operator, the paper is appropriate for exploring not only the electromagnetic and gravitational fields, but also the electromagnetic and gravitational adjoint-fields. The electromagnetic adjoint-field possesses a part of physics properties of gravitational field, and can be chosen as one competitive candidate of dark matter field.
Octonion space
In the complex quaternion space H g for the gravitational field, the basis vector is i j , the coordinates are ir 0 and r k . The quaternion radius vector is, R g = ii 0 r 0 + Σi k r k . Similarly, in the complex S-quaternion (short for the second quaternion) space H e for the electromagnetic field, the basis vector is I j , the coordinates are iR 0 and R k . The S-quaternion radius vector is, R e = iI 0 R 0 + ΣI k R k . Herein r j and R j are all real. r 0 = v 0 t , t stands for the time, v 0 is the speed of light. i is the imaginary unit. The symbol • denotes the octonion multiplication. i 0 = 1. i
Two independent complex quaternion spaces, H g and H e , are orthogonal to each other. They are able to combine together to become one complex octonion space O (Appendix A). In the complex octonion space O , the basis vectors are i j and I j , the coordinates are ir 0 , r k , ik eg R 0 , and k eg R k . The octonion radius vector is, R = R g + k eg R e . Herein k eg is the coefficient.
In the complex quaternion space H g , the quaternion operator is, g = i∂ r0 + Σi k ∂ rk . In the complex S-quaternion space H e , the S-quaternion operator is, e = iI 0 ∂ R0 + ΣI k ∂ Rk . Obviously, in the complex octonion space O , the octonion operator is, = g + k −1 eg e . Herein ∂ rj = ∂/∂r j , ∂ Rj = ∂/∂R j .
Field and adjoint-field
In the complex octonion space, making use of the complex quaternion operator and the physics quantity of gravitational field, it is able to yield the gravitational theory in the complex quaternion space. The gravitational theory can be applied to account for the phenomenon of astrophysics jets in the astronomy 56 , including thrust, bipolarity, precession, collimation, continuing acceleration and so forth. Under certain approximate conditions, the gravitational theory will be able to be degenerated into the Newtonian gravitational theory. Following the same idea, by means of the complex quaternion operator and the physics quantity of electromagnetic field, it is capable of deducing the electromagnetic theory in the complex S-quaternion space. The electromagnetic theory is identical with the Maxwellian electromagnetic theory.
In the complex quaternion space H g , the quaternion integrating function of field potential is, X g = ix 0 + Σi k x k . Similarly, in the complex S-quaternion space H e , the S-quaternion integrating function of field potential is, X e = iI 0 X 0 + ΣI k X k . They can combine together to become one octonion integrating function of field potential, X = X g + k eg X e , in the complex octonion space O . Herein x j and X j are all real.
When the quaternion operator, g , acts on the quaternion integrating function of field potential, X g , it is able to obtain the quaternion field potential, Further in the complex octonion space O , the complex octonion operator, , consists of the quaternion operator, g , and the S-quaternion operator, e . When the complex octonion operator, , acts on the octonion integrating function of field potential X , it will generate four kinds of quaternion field potentials. The first two field potentials relate to the operator g , including the gravitational potential and electromagnetic potentials. The rest of them are relevant to the operator e , and are the potentials of two new 'similar fields'. The new 'similar field' is called as the adjoint-field temporarily.
For one fundamental field (gravitational or electromagnetic field), its adjointfield is extended, accessorial, and accompanied. With the emergence of the fundamental field, the adjoint-field may burst out. In general, some physics properties of adjoint-field is similar to that of fundamental field to a certain extent.
When the S-quaternion operator, e , acts on the quaternion integrating function of field potential, X g , it is capable of obtaining the field potential, A e g = i × e •X g , of the gravitational adjoint-field (G adjoint-field for short). It should be noted that the field potential, A e g , will be situated on the complex S-quaternion space H e , according to the octonion multiplication. Similarly when the operator e , acts on the S-quaternion integrating function of field potential, X e , it is able to achieve the field potential, A e e = i × e • X e , of electromagnetic adjoint-field (E adjoint-field for short). And it stays at the complex quaternion space H g .
In the complex octonion space O , the octonion field potential is defined as,
where e e , will be coexistent, and their properties are similar partly. These two field potentials are daunting to distinguish to a certain extent. Also two field potentials, A g e and A e g , have similar properties partly, and are difficult to distinguish to a certain extent. In this case, it is necessary to consider the contribution of the adjoint-field, A e e and A e g , the gravitational potential will be extended into the term A g , and the electromagnetic potential will be extended into the term A e .
For the sake of convenience in the subsequent context, one can adopt the gauge condition for the integrating function of field potential, in Eq. (1) . That is, the curl of vector part of the integrating function of field potential is chosen to be zero. 
Further the gravitational potential A g and electromagnetic potential A e are,
where A gj and A ej are all real. The above states that it is able to obtain the G adjoint-field in the complex S-quaternion space, when the complex S-quaternion operator acts on the physics quantities of gravitational field in the complex quaternion space. The G adjointfield can be combined with the electromagnetic field, exerting an influence on the ordinary field source (electric charge and current) and G adjoint-field source, and therefore impacting the movements of electric charge and current. When the complex S-quaternion operator acts on the physics quantities of electromagnetic field in the complex S-quaternion space, it is capable of yielding the E adjoint-field in the complex quaternion space. The E adjoint-field can be combined with the gravitational field, to exert an influence on the ordinary field source (mass and linear momentum) and E adjoint-field source, and then impacting the movements of mass and linear momentum. Subsequently the E adjoint-field can be chosen as one candidate of dark matter field.
In the field theory described with the complex octonion space and operator, two fundamental fields and two adjoint-fields are similar to the four surfaces of one tetrahedral. They are independent of each other, and constitute one whole together. We must investigate these 'four fields' of the whole simultaneously, if we want to explore their physics properties profoundly. 
Some properties of dark matter field 9
Field strength
In the complex octonion space O , when the adjoint-field is not equal to zero, it is able to obtain the gravitational strength F g g in the complex quaternion space, by means of the quaternion operator and the component A g of octonion field potential. Also it can achieve the electromagnetic strength F g e in the complex S-quaternion space, making use of the quaternion operator and the component A e of octonion field potential. Further it may acquire the G adjoint-field strength F e g in the complex Squaternion space, taking advantage of the S-quaternion operator and the component A g of octonion field potential. And it is capable of attaining the E adjoint-field strength F e e in the complex quaternion space, from the S-quaternion operator and the component A e of octonion field potential.
In the complex quaternion space H g , when the quaternion operator g acts on the component A g of octonion field potential, it is able to deduce the quaternion gravitational strength, F g g = g • A g . Expanding of this equation yields the components of gravitational strength. Under certain approximate conditions, they will be degenerated into the gravitational acceleration and the gravitational component b in the gravitational theory. Similarly in the complex S-quaternion space H e , when the operator g acts on the component A e of octonion field potential, it is capable of inferring the S-quaternion electromagnetic strength, F g e = g • A e . Expanding of this equation produces the components of electromagnetic strength. Under certain approximate conditions, they will be degenerated into the electric field intensity and the magnetic flux density in the classical electromagnetic theory (Table 2) .
When the S-quaternion operator e acts on the component A g of octonion field potential, it is able to deduce the G adjoint-field strength, F e g = e • A g . It should be noted that the G adjoint-field strength F e g will be situated on the S-quaternion space H e , according to the octonion multiplication. Similarly, when the operator e acts on the component A e of octonion field potential, it is capable of obtaining the E adjoint-field strength, F e e = e • A e , which will remain in the quaternion space
In the complex octonion space O , the octonion field strength is defined as,
where
eg F e g . F g is the component of octonion field strength F in the quaternion space H g . And F e is the component of octonion field strength F in the S-quaternion space H e . and F e g , the gravitational strength will be extended into the term F g , and the electromagnetic strength will be extended into the term F e .
For the sake of convenience in the subsequent context, one may apply the gauge condition for the field potential, in Eq.(4). That is, the scalar part of the field strength is chosen to be equal to zero.
and F e0 are all real. F gk and F ek are all complex numbers. As a result, the gravitational strength F g and electromagnetic strength F e are,
where the gravitational acceleration is, g = Σi k g k , and the component b of gravitational strength is, b = Σi k b k . The electric field intensity is, E = ΣI k E k , and the magnetic flux density is,
The above means that it is able to deduce not only the gravitational strength and electromagnetic strength, but also the G adjoint-field strength and E adjoint-field strength, making use of the octonion operator and field potential. Obviously the gravitational potential and E adjoint-field potential are mixed together. And they are difficult to distinguish sometimes. From the definition,
, it is easy to find that it is still able to produce the gravitational strength F (Table 3) . Similarly the electromagnetic potential and G adjoint-field potential are mixed together. From the definition,
), it is easy to find that it is still capable of deducing the electromagnetic strength F In the subsequent context, the physics quantity of gravitational field will mix with that of E adjoint-field closely, including the field potential, field strength, and field source and so forth. By all appearances, it is tough to distinguish two field strengths, F g g and F e e , in general. Only in an extreme condition, it may be possible to appraise the interference of term F e e on F g g . In a similar way, the physics quantity of electromagnetic field will mix with that of G adjoint-field closely, including the field potential, field strength, and field source and so forth. In general, it is hard to discriminate two field strengths, F 
Field source
In the complex octonion space O , from the quaternion operator and the component F g of octonion field strength, it is able to obtain the gravitational source S g g in the complex quaternion space. And it is capable of achieving the electromagnetic source S g e in the complex S-quaternion space, by means of the quaternion operator and the component F e of octonion field strength. Further, it is able to infer the G adjoint-filed source S e g in the complex S-quaternion space, making use of the S-quaternion operator and the component F g of octonion field strength. In terms of the S-quaternion operator and the component F e , it is capable of deducing the E adjoint-filed source S e e in the complex quaternion space (Table 4) . When the quaternion operator g acts on the component F g of octonion field strength, it is able to deduce the quaternion gravitational source, µ
, in the complex quaternion space H g . Expanding of this equation yields the gravitational field equations, which can be degenerated into the Newton's law of universal gravitation, under certain approximate conditions (Appendix C). When the operator g acts on the component F e of octonion field strength, it is capable of inferring the S-quaternion electromagnetic source, µ Further, when the S-quaternion operator e acts on the component F g of octonion field strength, it is able to deduce the G adjoint-field source, µ e g S e g = − * e • F g . It should be noted that the G adjoint-field source S e g will be situated on the Squaternion space H e , according to the octonion multiplication. Similarly, when the operator e acts on the component F e of octonion field strength, it is capable of obtaining the E adjoint-field source, µ e e S e e = − * e • F e . And the E adjoint-field source S e e remains in the quaternion space H g . Herein µ e g and µ e e both are coefficients. In the complex octonion space O , the octonion field source is written as,
where * indicates the conjugation of octonion. When there are adjoint-fields, two field source, S g g and S e e , will be coexistent, and their features are partly similar. These two field sources are hard to distinguish to a certain extent. Also two field sources, S g e and S e g , have similar properties partly, and are difficult to be detached from each other to a certain extent. In this case, it is necessary to consider the contribution of field sources, S e e and S e g , the gravitational source will be extended into the term S g , and the electromagnetic source will be extended into the term S e . Obviously the imaginary part, V , of the octonion operator may form one operator also, which is called the velocity operator. Acting the velocity operator on the octonion radius vector, will yield the octonion velocity. That is,
where 
where m g g is the mass density, m g e is the density of electric charge , m e g is the 'charge' of G adjoint-field, and m e e is the 'charge' of G adjoint-field. The above means that it is able to deduce not only the gravitational source and electromagnetic source, but also the G adjoint-field source and E adjoint-field source, making use of the octonion operator and field strength. Obviously the gravitational strength and E adjoint-field strength are mixed together. And they are difficult to distinguish sometimes. By means of the definition, µ
, it is easy to find that it is able to produce the gravitational source S (Table 5 ). Similarly the electromagnetic strength and G adjoint-field strength are mixed together. From the definition, µ 
Angular momentum
In the electromagnetic and gravitational theories described with the complex octonion, the definition of octonion angular momentum encompasses the angular momentum in the complex quaternion space H g , and the electric dipolar moment and magnetic dipolar moment in the complex S-quaternion space H e .
In the complex octonion space O , from the octonion field source S , it is able to define the octonion linear momentum as follows,
eg P e g . P g = iP g0 + Σi k P gk . P e = iI 0 P e0 + ΣI k P ek . P g is the component of the octonion linear momentum P in the complex quaternion space H g , and P e is the component of the octonion linear momentum P in the complex S-quaternion space H e . P When there are adjoint-fields, two linear momenta, P g g and P e e , will be coexistent, and their properties are similar partly. Also the properties of two linear momenta, P g e and P e g , will be similar partly. The term P e e should be considered as one supplemental part, to enhance the influence of the P g g , and therefore form the component P g of P . And the term P e g should be regarded as one supplemental part, to reinforce the influence of the P g e , and then form the component P e of P . Consequently it is necessary to consider the contribution of linear momenta, P e e and P e g , the term P g will be the quaternion linear momentum, and the term (µ g g P e /µ e ) will be the S-quaternion electric current, in the electromagnetic and gravitational fields. (P g0 /v 0 ) and (Σi k P gk ) are respectively the density of gravitational mass and of linear momentum in the electromagnetic and gravitational fields. (I 0 P e0 /v 0 )(µ g g /µ e ) and (ΣI k P ek )(µ g g /µ e ) are the density of electric charge and of electric current in the electromagnetic and gravitational fields respectively.
In the complex octonion space O , the octonion angular momentum L can be defined from the octonion linear momentum P and radius vector R , that is,
L g is the component of octonion angular momentum L in the complex quaternion space H g , and L e is the component of L in the complex S-quaternion space H e . k rx is the coefficient. The symbol × denotes the complex conjugate. In the complex quaternion space H g , the component L g of octonion angular momentum is, 
The above can be rewritten as,
can be considered as the contribution of the E adjoint-field to the angular momentum. k
• P) will be regarded as the contribution from the E adjoint-field. L gj and L i gk are all real. In the complex S-quaternion space H e , the component L e of octonion angular momentum is,
where The above reveals that the definition of octonion angular momentum is able to cover some physics quantities, which were regarded as independent to each other, including the electric dipole moment, magnetic dipole moment, and angular momentum and so forth. In the electromagnetic and gravitational theories with the complex octonion, some physics quantities, which were considered as independent parts before, are actually consistent in essence.
Obviously the adjoint-field is one important component of the electromagnetic and gravitational fields described with the complex octonion. In the octonion space, it is necessary to consider the contribution of adjoint-field within certain limits. Under a few special situations, the contribution of adjoint-field may be significant enough. Such as, some movements relate with the E adjoint-field source may make a contribution to the angular momentum of galaxy and so forth. 
Octonion torque
The definition of octonion torque is able to contain the torque, work, and energy in the complex quaternion space H g , and the derivative of electric dipole moment and of magnetic dipole moment in the complex S-quaternion space H e , according to the electromagnetic and gravitational theories described with the complex octonion.
In the complex octonion space O , from the octonion operator , octonion field strength F , and octonion angular momentum L , the octonion torque is defined as,
• L e . The above can be rewritten as,
and
} is the contribution of the E adjoint-field to the energy. {k
} is the contribution of the E adjoint-field to the torque. k p = (k − 1) is a coefficient, and k is the dimension of the vector r . For k p = 2, the term (W Table 2 . The physics quantities and definitions of the fundamental field and adjoint-field in the complex octonion space. octonion physics quantity definition radius vector R = Rg + kegRe octonion operator
In the complex S-quaternion space H e , the component W e is written as,
• L g . The above can be rewritten as,
is the divergence of magnetic dipole moment, and W e is the curl of magnetic dipole moment. {(B·L electric/magnetic dipole moment, are actually consistent in essence. The E adjointfield (dark matter field) makes a contribution towards the energy, torque, and the curl of angular momentum and so on. And the G adjoint-field has the contribution to the divergence of and the curl of magnetic dipole moment and so forth. Obviously two adjoint-fields are in substantial agreement. The contrast study on these two adjoint-fields will be beneficial to improve further the comprehension to the property of E adjoint-field. Table 3 . The physics quantity of the electromagnetic field, gravitational field, and correlative adjoint-field in the complex octonion space. octonion physics quantity expression integrating function X = Xg + kegXe ,
eg A e g ; field strength
eg µ e g S e g ; octonion velocity V = Vg + kegVe ,
eg V e g ; linear momentum P = Pg + kegPe ,
Octonion force
In the electromagnetic and gravitational theories described with the complex octonion, the definition of octonion force covers the force and power in the complex quaternion space H g , and the current continuity equation in the complex S-quaternion space H e . In the complex octonion space O , from the octonion operator , octonion field strength F , and octonion torque W , the octonion force can be defined as,
where N = N g + k eg N e . The term N g is the component of octonion force N in the complex quaternion space H g , meanwhile the term N e is the component of octonion force N in the complex S-quaternion space H e . In the complex quaternion space H g , the component N g of the octonion force is written as, 
The above can be written as,
} is the contribution of the E adjoint-field to the power. {k
} is the contribution of the E adjoint-field to the force. {k
} is the contribution of the E adjoint-field to the derivative of torque. N gj and N i gj are all real. In the above, the expression of force, (N i g /k p ), reveals that the E adjoint-field source (dark matter particle) can be influenced by the gravitational strength, and the G adjoint-field source can be impacted by the electromagnetic strength. Moreover, the part of energy gradient, which is relevant to the E adjoint-field, is also one component of the force.
In the complex S-quaternion space H e , the component N e is written as,
• W g . The above will be rewritten as, and
where Also the E adjoint-field has one contribution to this equation. Meanwhile, it is able to figure out the mass (or linear momentum) continuity equation, from N g0 = 0. And it can conclude the current continuity equation, from N e0 = 0. Expressly, the adjoint-field makes a contribution to both of two continuity equations.
When both of G and E adjoint-fields can be neglected, the field strength, field source, linear momentum, angular momentum, torque, and force and so forth in the above, can be degenerated respectively into that of the field theory without the operator e , in the complex octonion space. And these physics quantities will be simplified sequentially into that in the classical field theory, when the adjoint-fields are quite weak.
Dark matter property
If the E adjoint-field is the dark matter field, the latter will become an important and indispensable component of the electromagnetic and gravitational theories in the complex octonion space. As a result, it is able to predict theoretically a few deductions for the properties of dark matter, according to this field theory described with the complex octonion.
In the complex octonion space, by means of the S-quaternion operator, it is capable of producing two adjoint-fields, the E adjoint-field and G adjoint-field. How- ever, these two adjoint-fields can not be self-existent, according to the octonion multiplication. When the S-quaternion operator acts on the physics quantities of adjoint-fields, these physics quantities will be transferred alternatively between the quaternion space and S-quaternion space. These two adjoint-fields are interlocking and dependent on each other, and have one kind of coexistent relationship.
The E adjoint-field possesses its own field source and particle. And these physics quantities are independent of that of gravitational field, electromagnetic field, or G adjoint-field. To a certain extent, the E adjoint-field may make a contribution to the complex octonion linear momentum, angular momentum, torque, energy, force, and power and so on. Of course, the E adjoint-field can combine with the gravitational field, exerting an influence on the movements and diversification of the ordinary matter correspondingly (Table 6 ). 
Weak intensity
According to existing studies, it is reasonable to suppose that the interaction intensity of dark matter field (E adjoint-field) is really weak, and is weaker than that of gravitational field. But it may not be at the end of the queue, and could be a little stronger than that of G adjoint-field. Otherwise, the interaction intensity of dark matter field would be strong enough, to result in a large block of dark matters with comparatively high density. But it defies the astronomic observations. So the interaction coefficients may be,
In the electromagnetic and gravitational theories described with the complex octonion, the gravitational coefficient is, µ g g < 0, and the electromagnetic coefficient is, µ g e > 0. For the adjoint-field of a fundamental field, there is one kind of possibility: the E adjoint-field coefficient may be, µ e e < 0, and the G adjoint-field coefficient may be, µ e g > 0. Subsequently the emergence of E adjoint-field will amplify the interaction intensity of gravitational field, increasing properly the energy, torque, and angular momentum and so forth of the galaxy. Therefore the gravitational coefficient µ g g and the E adjoint-field coefficient µ e e both have an attracting effect, under the stable state of movement. And it enables some rotational galaxies to be acquired one extra part of centripetal force.
One-source particle
In the complex octonion space O , there are four kinds of 'charges', including the 'charge' (mass, m g g ) of gravitational field, the 'charge' (electric charge, m g e ) of electromagnetic field, the 'charge' (m e g ) of G adjoint-field, and the 'charge' (m e e ) of E adjoint-field. For lack of the effective measurement technology, a majority of the particles relevant to the 'four charges' are unable to be measured at the moment. The measurement technology in the astronomy up to now, are mainly dependent on the measurement approach of photon (optics and radioastrophysics). Only the electric charge is correlative with the photon, among all of 'four charges'. Consequently there is a great deal of particles relevant to the 'four charges', which are unobservable temporarily.
Making use of the measurement of gravitational strength F For the two-source particles, three of them are associated with the E adjointfield. (i) The first particle is one kind of 'charged particle', which contains the electromagnetic source and E adjoint-field source. And it is impacted by not only the electromagnetic field but also the E adjoint-field. When the electromagnetic source combines with the E adjoint-field source to become one 'charged particle', the latter will be influenced by both of electromagnetic field and E adjoint-field simultaneously.
(ii) The second particle comprises the gravitational source and E adjoint-field source. And it will be attracted by both of gravitational field and E adjoint-field simultaneously. (iii) The third particle is quite daunting to be observed, and consists of the E adjoint-field source and G adjoint-field source. This kind of particle can be affected by neither the gravitational field nor the electromagnetic field, appealing to develop a few new observation approaches.
In the complex octonion space, the measurement of particles relevant to the electric charge, will encounter one special 'three-color' problem. For the electric charge (m . In fact, it is similar to the 'three-color' phenomenon in the Quark theory. For the rest of 'four charges', each charge has the similar 'three-color' problem also.
However only the electric charge (m g e ) may emit the photon sometimes. The scholars are incapable of measuring the messages emitted from the rest of 'four charges' temporarily. For these charges existed in the universe, there are not effective detection approaches, but this is not the half of it. So it is necessary to develop some new distant measurement technologies, exploring the undiscovered matters of the universe. Undoubtedly the existence of these undiscovered matters will play an important role in the study of the structure and evolution of the universe.
Long-range field
As the fundamental field, the gravitational field and electromagnetic field both belong to the long-range field. Naturally one may suppose that the adjoint-field of one fundamental field is one long-range field. In the field theory, each fundamental field possesses its own intermediate boson. In a similar way, it is able to reckon that each adjoint-field has its own intermediate boson, which is the particle with the zero rest mass and is not the photon. Therefore the E adjoint-field is independent of the photon (intermediate boson). And it neither emits nor absorbs the light or the electromagnetic wave. Similarly the G adjoint-field has also its own intermediate boson without the rest mass, and it is independent of the photon either.
The photon is one intermediate boson of the electromagnetic field. And it will be severely and closely influenced by the electromagnetic field. As one particle with the energy, the photon will also be affected by the gravitational field to a certain extent. Following the same idea, the E adjoint-field will impact the photon partly. Obviously its interaction intensity on the photon should be weaker than that of gravitational field, such as the gravitational lensing.
The force equilibrium equation reveals that the E adjoint-field source and gravitational source both will be influenced by the force and gravitational strength, so the existence of E adjoint-field source will impact distantly the movement state of ordinary matter in the universe. For the fundamental field, the adjoint-field is just a natural concomitant, and can not be self-existent. As the supplement to one fundamental field source, the E adjoint-field source makes a contribution to the linear momentum, angular momentum, energy, torque, and force and so on of the galaxy to a certain extent.
If the E adjoint-field is the dark matter field, it is one appropriate method to combine the dark matter field with strong gravitational field, to become one research direction. Similarly it may be one conceivable combination to mix the dark matter field and strong electromagnetic field, becoming one new research direction. In particular the ultrastrong E adjoint-field will exert an influence on the mass and linear momentum distinctly. And the superstrong G adjoint-field may have an influence on the electric charge and current evidently.
Galactic rotation curve
For each fundamental field (gravitational or electromagnetic field), the emergence of adjoint-field is accompanied by the existence of fundamental field. The occurrence of adjoint-field enhances the interaction intensity of one fundamental field, resulting in some anomalous movement phenomena. Such as, the appearance of E adjoint-field (dark matter) leads to a few anomalous rotation curves of some galaxies.
In the vicinity of the galactic nucleus, the existence of E adjoint-field (dark matter) increases the mass of galactic nucleus, amplifying the attraction on the stars near the galaxy edge. On the other hand, for the stars on the edge of the galaxy, the emergence of E adjoint-field around one star intensifies also the star's gravity exerted by the galactic nucleus, accelerating the rotation speed of these stars and even their nearby E adjoint-fields.
In the gravitational field of one galaxy, if there also is the E adjoint-field strength, it means that the electromagnetic potential A e will play an important role in the galaxy, since the E adjoint-field strength and the electromagnetic strength both are derived from the electromagnetic potential A e . In this case, the activity level of electromagnetic source of the galaxy may be awfully fierce. As a result, the influence of E adjoint-field strength of one galaxy will be prominent for some galaxies. And it can heighten the interaction intensity of gravity, inducing the anomalous phenomenon in the galactic rotation curve. Moreover the electromagnetic strength should be comparatively strong in these galaxies also.
However, for some galaxies, their influences of E adjoint-field strengths are comparatively weak, and their contributions of E adjoint-field strengths to the interaction intensity of gravity are tiny. Accordingly the galactic rotation curve is normal. And the electromagnetic strength of galaxy may be comparatively faint. independent of the photon independent of the photon appearance enhance the gravity speed up the galaxy rotation particle category one kind of one-source particle, and
(not yet) three kinds of two-source particles force property similar to gravity similar to gravity existence region region with the ultrastrong field galaxy and cluster strength, including the white dwarf, neutral star (magnetic star and pulsar), galactic nucleus, black hole, and astrophysical jet, point charge, atomic nucleus, and strong magnetic field
Experiment proposal
According to the gravitational and electromagnetic theories described with the complex octonion, it is capable of speculating about some possible existence regions of the E adjoint-field source (dark matter field source) and of the G adjoint-field source. For the study of G adjoint-field source, it has to be observed distantly in the astronomy. But fortunately for the investigation of the E adjoint-field source, it is probable to develop the relevant researches in the laboratory, besides the observing distantly in the astronomy.
E adjoint-field
The E adjoint-field possesses a part of gravitational properties. In the laboratory, it may be able to explore it experimentally. Making use of the improvements of existing technologies, one can manipulate the variation of the electromagnetic strength, which is sufficient to alter the electromagnetic source (in the S-quaternion space), and even the E adjoint-field source (in the quaternion space). In the laboratory, when the electric field intensity E is strong enough, it is possible to shift the E adjoint-field source, in the region surrounding the point charge or the atomic nucleus. In the quaternion/S-quaternion space, by means of transferring and measuring the alternative frequency and the directional gradient of electromagnetic strength, one may transfer the E adjoint-field source. Similarly it is capable of altering the E adjoint-field source, when the magnetic flux density B is strong enough, in the magnetic confinement fusion device.
In the astronomic observation, when the magnetic flux density B is comparative strong and its variation is fierce enough, there may be the E adjoint-field source, in the region enclosing the white dwarf and the neutral star, especially the magnetic star and pulsar. In other words, there may be some extra gravitational phenomena nearby these heavenly bodies.
G adjoint-field
The G adjoint-field owns one part of electromagnetic properties. At the moment, it has to be observed distantly in the astronomy. The existing technology is insufficient to develop the relevant investigations for the G adjoint-field in the laboratory, since it is too difficult to vary the gravitational strength. And therefore it is unable to alter the gravitational source (in the quaternion space), nor the G adjoint-field source (in the S-quaternion space).
In the astronomic observation, when the gravitational acceleration g (correspond to the linear acceleration) is comparative strong, there may be the G adjoint-field source, in the region encompassing the galactic nucleus and black hole. When the gravitational strength component b (correspond to the precessional angular velocity) is strong enough, there may be the G adjoint-field source, in the region surrounding the astrophysics jet and so on. That is, there may be a few additional electromagnetic phenomena surrounding these celestial bodies.
Conclusions and discussions
One octonion space can be separated into two orthogonal subspaces, the quaternion space and S-quaternion space. The application of the quaternion operator reveals that the quaternion space is proper to describe the physics property of gravitational field, while the S-quaternion space is fit for depicting the features of electromagnetic field. With the S-quaternion operator instead of the quaternion operator, it is able to produce two adjoint-fields, the G adjoint-field and E adjoint-field. In other words, the application of the octonion operator and complex octonion space will be capable of exploring the field potential, field strength, field source, linear momentum, angular momentum, dipole moment, torque, energy, and force and so forth, in the electromagnetic field, gravitational field, and two adjoint-fields.
The adjoint-field possesses a part of the physics property of one fundamental field. In particular the E adjoint-field owns part properties of gravitational field. So the E adjoint-field can be chosen as one candidate of the dark matter field.
From the viewpoint of the integrating function of field potential, the dark matter (E adjoint-field) and the ordinary matter both have the common origin. In terms of the complex S-quaternion operator and octonion space, it is able to deduce the contribution of dark matters to some physics quantities, including the field strength, field source, angular momentum, torque, and force and so forth. Moreover one may inference the particle category of dark matters, according to the theoretical model for the one-source and two-source particles.
The present detection approaches for the dark matter are mainly divided into two classes, the astronomic observation and the experimental exploration. (i) In the astronomic observation, the dark matter may exist in some regions nearby the celestial bodies with the ultrastrong field strength, including the white dwarf, neutral star, black hole, and astrophysical jet and so on. When the gravitational acceleration g is comparative strong, it ought to observe the region close to the galactic nucleus and black hole, to find the G adjoint-field source. When the gravitational strength component b is strong enough, it should be observed the region surrounding the astrophysics jet, to explore the G adjoint-field source. When the magnetic flux density B is quite strong, it will be observed the region enclosing the white dwarf and the neutral star, especially the magnetic star and pulsar, to seek the E adjoint-field source. (ii) In the experimental exploration, making use of transforming the electromagnetic strength, it may be able to detect the E adjoint-field source. When the electric field intensity E is strong enough, it could be investigated the region surrounding the point charge and atomic nucleus, to measure the E adjoint-field source. When the magnetic flux density B is strong enough, one can observe the region surrounding the ultrastrong magnetic field inside the magnetic confinement fusion device, to probe the E adjoint-field source.
In the complex octonion space, a majority of physics quantities are able to be measured, including the force and linear acceleration and so on in the complex quaternion space, and the electromagnetic strength and electromagnetic source and so forth in the complex S-quaternion space. In the complex quaternion space, the physics quantities in the gravitational field are able to be measured directly, including the radius vector R g , velocity V g , linear acceleration, angular velocity, gravitational acceleration, linear momentum P g , work, force, torque, power, and angular momentum L g and so forth. In the complex S-quaternion space, the most of physics quantities relevant to the electromagnetic field may only be detected indirectly, including the electric field intensity, magnetic flux density, electric/magnetic dipole moment, electric charge, and electric current and so forth. By means of the force equilibrium equation, it is able to determine the Lorentz force. Similarly it is capable of calculating the radius vector R e , and the velocity V e in the complex S-quaternion space, making use of the measurement of angular momentum component L g in the complex quaternion space. In other words, a majority of physics quantities are able to be measured in the complex octonion space.
It should be noted that the paper discussed only some simple cases about the contribution of adjoint-fields to the field potential, field strength, field source, angu- Some properties of dark matter field 27 lar momentum, torque, and force and so on in the electromagnetic and gravitational field. However it clearly reveals that the application of complex octonion space and octonion operator is capable of exploring availably the field theory about the electromagnetic field, gravitational field, and adjoint-fields. The adjoint-fields of two fundamental fields can be applied to analyze the physics property of dark matter, including the particle category and existence region and so on. In the following study, it is going to probe into the property of E adjoint-field theoretically, and attempt to validate the influence of E adjoint-field source by improving existing experimental devices, and apply the adjoint-fields to the research about the cosmology. physics quantities belongs to the complex quaternion space, rather than the complex S-quaternion space.
For instance, the vector product, of the electric current and velocity in the complex S-quaternion space, is one force term (that is, Lorentz force), and belongs to the complex quaternion space. This force term can combine with other force terms in the complex quaternion space, exerting a force on the ordinary matter together. Making use of measuring the applied force of ordinary matters, it is able to figure out the magnitude of the Lorentz force, and therefore work out the magnitude of electric current and of velocity respectively.
In general, the product (in the E adjoint-field) of two complex S-quaternion physics quantities will stay at the complex quaternion space, and combine with the relevant complex quaternion physics quantity, making an influence on ordinary matters. In terms of the product characteristics of complex S-quaternion physics quantity, it is capable of calculating and measuring some physics quantities of electromagnetic fields, including the electric field intensity, magnetic flux density, Lorentz force, Coulomb force, electric charge and current, angular momentum, scalar-like magnetic moment, radius vector R e , velocity V e , and the torque and energy between the electric/magnetic dipole moment with the electromagnetic strength and so on (Table 7) .
In the complex octonion space, for the fundamental field, a majority of physics quantities are able to be measured already. The physics quantity in the complex quaternion space can be directly measured, while that in the complex S-quaternion space may be indirectly surveyed. In particular in terms of measuring and comparing the angular momentum, one can differentiate and identify the contribution of the radius vector and velocity in the complex S-quaternion space.
In a similar way, a part of adjoint-field's physics quantities situate in the complex quaternion space, while the rest remains in the complex S-quaternion space. Also the most of adjoint-field's physics quantities can be measured. In other words, it is capable of reckoning some physics quantities in the adjoint-field, by means of surveying the contribution of adjoint-field's physics quantities on the field strength, field source, angular momentum, and force and so on. 
